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Background: Our aim is to compare the hemodynamic effects of combined psoas compartment-sciatic nerve block
(PCSNB) with continuous spinal anaesthesia (CSA) in elderly high-risk patients undergoing hip replacement surgery.
Methods: Seventy patients over the age of 60 with ASA III or IV physical status were randomly allocated to two
groups: In the PCSNB group, ultrasound-guided psoas compartment block was performed with modified Winnie
technique using 30 mL of 0.25% bupivacaine with 1:200.000 epinephrine (5 μgr/mL) and iliac crest block was
performed using the same local anaesthetic solution (5 mL). All patients in the PCSNB group needed continuing
infusion of propofol (2 mg/kg/h) during operation. In the CSA group, CSA was performed in the L3-L4 interspaced with
the patient in lateral decubitus position using 2.5 mg of isobaric bupivacaine 0.5%. When sensory block was not
reached to the level of T12 within 10 minutes in the CSA group, additional 2.5 mg of isobaric bupivacaine 0.5% was
administered through the catheter at 5-min intervals by limiting the total dose of 15 mg until a T12 level of the sensory
block was achieved.
Results: The PCSNB group had significantly higher mean arterial blood pressure values at the beginning of surgery
and at 5th, 10th and 20th minutes of surgery compared to the CSA group (P =0.038, P =0.029, P =0.012, P =0.009
respectively). There were no significant differences between groups in terms of heart rate and peripheral oxygen
saturation values during surgery and the postoperative period (P >0.05). Arterial hypotension required ephedrine was
observed in 13 patients in the CSA and 4 patients in the PCSNB group (P =0.012).
Conclusions: CSA and PCSNB produce satisfactory quality of anaesthesia in elderly high-risk patients with fewer
hemodynamic changes in PCSNB cases compared with CSA cases.
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Hip replacement surgery is common among elderly pa-
tients. These patients have increased risk of perioperative
mortality and morbidity due to additional co-morbidities
such as cardiac, endocrine, renal, cerebral and respiratory
diseases [1]. It has been shown that the use of regional
anaesthetic methods during hip replacement surgery
reduces intraoperative blood loss and the risk of postoper-
ative deep venous thrombosis [2,3]. Also, lower odds for
the need of postoperative critical care services were re-
ported in the use of neuraxial anaesthesia compared with
general anaesthesia in total hip arthroplasty patients [4].
Despite these advantages, regional anaesthetic methods
are difficult technically and there is a high-risk of failure
in the implementation of these methods [3].
Continuous spinal anaesthesia (CSA) provides extension
of blockage during surgery and versatile pain management
during the postoperative period via an indwelling catheter
allowed intermittent injection of local anaesthetic into the
subarachnoid space. Better cardiovascular stability with a
smaller dose of local anaesthetic and shorter surgery onset
time were reported in CSA compared with combined
spinal epidural block, among patients undergoing major
hip, femoral or knee surgery [5]. Conversely, CSA may
lead to adverse hemodynamic changes due to the extent
of sympathetic blockade which is affected by existing car-
diac disease and intravascular volume status. Also, CSA
was found to be associated with a high incidence of post-
dural puncture headache (PDPH) [6]. This undesirable
side effect was reduced by using smaller needles and
microcatheters for the block procedure [7].
Combined psoas compartment-sciatic nerve block
(PCSNB) provides adequate anaesthesia for repair of hip
fractures and causes more limited sympathectomy
without bladder paralysis [8]. However, this technique
has some undesirable complications such as epidural
spread, total spinal anaesthesia, retroperitoneal hematoma
and renal puncture [3]. It was reported that the use of
ultrasound imaging when performing a PCSNB facilitates
correct positioning of the needle and may reduce the
incidence of undesirable side effects [9]. Also, ultrasound
technology provides the actual identification of target
organs, the visualization of spread of the injected local
anaesthetic in real-time, a decrease in the number of at-
tempts and improved block quality [10].
We hypothesised that PCSNB technique could be
more favourable for elderly high-risk patients undergo-
ing hip replacement surgery due to limited sympathec-
tomy. Also, we thought that the safety of PCSNB would
be enhanced by ultrasound guidance. Therefore, this
prospective randomised study was designed to compare
the hemodynamic effects and anaesthesia quality of
PCSNB with CSA in elderly high-risk patients undergo-
ing hip replacement surgery.Methods
This prospective randomised study was performed at
Department of Anaesthesiology and Reanimation, Ataturk
University, Medical Faculty, Erzurum, Turkey. The proto-
col was approved by the Ethics Committee of Ataturk
University Medical Faculty Ethical Committee (registra-
tion number: 13, date: 26.12.2013) and 70 patients over
the age of 60 years with ASA (the classification of the
American Society of Anaesthesiologists) III or IV physical
status who underwent elective hip replacement surgery
between January 1 and May 30, 2014 were included. Be-
fore participating in the study, the mental function and
confusion states of patients were evaluated using Mini-
Mental Status Examination (MMSE) [11]. Patients with
cognitive deficit (MMSE lower than 5), under the age of
60 and contraindications to CSA or PCSNB such as co-
agulation disorder and infection at the puncture site were
excluded from the study. Written informed consent was
obtained from all participating patients. Patients were
informed about the Visual analogue scales (VAS) before
surgery. The age, weight and height of the patients, ASA
physical status, preoperative electrocardiogram findings,
mean arterial blood pressure (MBAP), heart rate (HR) and
oxygen saturation values and the presence of additional dis-
ease such as hypertension (systolic/diastolic tension >160/
95 mmHg) and coronary artery disease were recorded.
Thromboprophylaxi was provided using a low dose (40 mg)
of low molecular weight heparin (Clexane®, Aventis Inter-
continental, France) 12 hours prior to surgery for all pa-
tients. Before transfer to the operating room, patients were
assigned either to the CSA group (n =35) or to the PCSNB
group (n =35) using a computer generated random number
by an anesthesiologist responsible for patient allocation.
Ringer’s lactate solution was given intravenously at 1 to
2 mL/kg/hour via 18-gauge cannula in a forearm per-
ipheral vein and standard monitoring included invasive
arterial pressure, electrocardiography and pulse oxim-
etry was established in the operating room. All patients
in both groups were pre-medicated with intravenous
(IV) midazolam (1 mg) before the procedure of anaes-
thesia. All anaesthesia procedures were performed by
two experienced anaesthetists.
In the PCSNB group, psoas compartment block was
performed using modified Winnie technique [12]. After
lateral decubitus position with the side to be operated
uppermost and with the hip and knees flexed was pro-
vided for each patient, the skin over the lumbar paraver-
tebral region was prepared by coating with sterile drapes.
The 7 MHz ultrasound probe (Esaote, Firenze, Italy) was
placed to the area (approximately 3–4 cm lateral and par-
allel to the lumbar spine). After the L3 spinous process
was identified, the transverse process of L3 was located
moving the probe horizontally. Then the local anaesthetic
was infiltrated into the skin and an insulated stimulation
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Medical, Melsungen, Germany) connected to a nerve
stimulator (Stimuplex®, HNS 11, Braun Medical, Melsungen,
Germany) was introduced along the long axis of the ultra-
sound probe. A current strength for nerve stimulator was
0.5 to 0.8 mA at 1 Hz. The ultrasound guidance needle was
slowly advanced under to the posterior part of the psoas
muscle and the lumbar plexus was confirmed when ipsilat-
eral quadriceps muscle contraction was observed. Following
negative aspiration, the 30 mL of 0.25% bupivacaine with
1:200.000 epinephrine (5 μgr/mL) was injected into the
psoas compartment. The spread of local anaesthetic in the
psoas compartment was demonstrated by ultrasound.
After psoas compartment block was completed, the
sciatic nerve block was applied according to the method
described by Karmakar et al. [13]. The sciatic nerve was
localised within the sub-gluteal space (the area between
the hyper-echoic perimysium of the gluteus maximus
and the quadratus femoris muscles). Then a needle with
the same characteristics connected to a nerve stimulator
delivering a current of 0.5 to 0.8 mA at a frequency of 1
Hz was inserted in the long axis of the ultrasound probe
and advanced slowly towards the sciatic nerve. After foot
plantar flexion indicating sciatic nerve stimulation was
observed, 20 mL of the same anaesthetic solution was
administered to the sciatic nerve following negative as-
piration. The patient was then turned to the supine pos-
ition and iliac crest block, with 5 mL of the same local
anaesthetic solution was performed [14].
In the CSA group, CSA was performed in the L3-L4 inter-
spaced with the patient in lateral decubitus position with
the side to be operated uppermost after cleaning and
draping. The epidural space was identified with a Crawford
needle and a 22-G (Spinocath®, B. Braun, Melsungen,
Germany) catheter with a 27-G Quincke spinal needle was
advanced through the epidural space until cerebrospinal
fluid was observed in the catheter. Then, the spinal catheter
was advanced 2–4 cm into the intrathecal space and fixed
using sterile tape. After the cerebrospinal fluid was aspi-
rated, 2.5 mg isobaric 0.5% bupivacaine was injected manu-
ally while the patient was in a supine position.
In both groups, the sensory block level was tested using
pinprick tests and the motor block level was evaluated with
the Modified Bromage scale (scale 0 = full flexion of foot,
knee and hip, i.e. no motor block; scale 1 = full flexion of
foot and knee, unable to hip flexion; scale 2 = full flexion of
foot, unable to knee and hip flexion; scale 3 = total motor
block; unable to foot, knee, and hip flexion) three times
with an interval of 5 minutes. Sensory and motor block
tests were performed bilaterally to evaluate possible
epidural spread of the local anaesthetic. When sensory
block (a loss of pin prick sensation) was not reached to the
level of T12 within 10 minutes in the CSA group, additional
2.5 mg of isobaric bupivacaine 0.5% was administeredthrough the catheter at 5-min intervals by limiting the total
dose of 15 mg until a T12 level of the sensory block was
achieved. When the satisfactory block level was provided,
surgery was initiated in both groups. General anaesthesia
protocol was administered for patients with three unsuc-
cessful attempts to reach to spinal space in CSA group and
for block procedure in PCSNB group. Also, if adequate sur-
gical anaesthesia was not achieved after 30 minutes on pa-
tients of both groups, techniques were considered as failure
and general anaesthesia protocol was administered for these
patients. Continuing infusion of propofol at the speed of
10–50 μg/kg/min was planned for each patient with
discomfort during operation. Patients required propofol
infusion exceeding 50 μg/kg/min were considered to be un-
successful blockade. Oxygen was delivered with a face mask
and lactated Ringer’s solution (5 mL/kg/h) was adminis-
tered to all patients during surgery. Colloid solutions and
paced red cells when necessary (haematocrit level <30%)
were used to treat perioperative blood loss. Patients’ MABP,
HR and oxygen saturation values were recorded at the
beginning of anaesthesia procedure and surgery, every
5 minutes during surgery and at 1 hour after surgery by an
observer who was blinded to study groups. Ephedrine (IV,
10–15 mg) was administered in the case of hypotension (a
30% decrease in systolic blood pressure compared with pre-
operative values) and atropine (IV, 0.5 mg) was applied
when bradycardia (the heart rate <45 beats/minute) was ob-
served. Socio-demographic characteristics (age, body mass
index, co-morbidities), the application time of anaesthetic
technique (the time between the onset and end of anaes-
thesia procedure), duration of the block procedure (the
time from the start of the anaesthetic procedure to the de-
velopment of full motor block), duration of surgery (the
time from the start of the surgical incision to the comple-
tion of surgery), highest sensory block level, the amount
of intraoperative blood loss (weighing the sponges used
during surgery plus the amount of blood in the suction
bottle), anaesthetic complications and the number of pa-
tients required analgesics and sedatives during the block
and surgical procedure were recorded. All surgical proce-
dures were performed by the same three surgeons using
the same surgical technique.
After surgery, patients with intensive care requirements
were transferred to the intensive care unit (ICU) and pa-
tients with stable clinical status were transferred to the
orthopaedic ward. An anaesthesiologist blinded to group
allocation visited the patients and postoperative side
effects such as nausea, vomiting and bradycardia were
recorded. Also, postoperative pain was evaluated at rest
using a 10-cm VAS (0 cm= no pain; 10 cm=worst pain
possible) and pain scores were recorded at 30 min and 1st,
2nd, 4th, 6th, 12th and 24th hours post-operatively.
In the CSA group, morphine of 200 μg was adminis-
tered through the subarachnoid catheter at the end of
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was removed two hours after completion of surgery. The
presence of PDPH (increased pain intensity upon standing
up from a supine position) was questioned in patients of
the CSA group postoperatively. In the PCSNB group,
morphine (0.1 mg/kg, subcutaneously) was administered
to the patients at the end of surgery to provide postopera-
tive analgesia. In the case of VAS >3 in both groups, res-
cue analgesia was provided with IV tramadol 50 mg. The
reversal time of the motor block and the number of pa-
tients required rescue analgesic in groups at first 24 hours
postoperatively were recorded. On the postoperative first
day, the MMSE was completed to detect the presence of
postoperative confusion and the results were compared
with the preoperative values.
With hemodynamic parameters as the primary outcome
measurement, power calculation analysis revealed 31 pa-
tients in each study group to be necessary to find a differ-
ence of 20% in comparison with baseline MABP values
with a power of 80%, α of 0.05 and β of 0.20 [15]. Data was
analysed using SPSS software 12.0 (SPSS Inc., Chicago, IL,
USA) and calculated as mean ± standard deviation, P <0.05
was considered significant. The Kolmogorov-Smirnov
test was used to assess the normal distribution of data.
If data were not normally distributed, comparisons were
determined using Mann–Whitney U-test. ComparisonFigure 1 CONSORT flow diagram. The course of patients through this stof variables at different times between groups such as
motor block were conducted using repeated measures
two-way ANOVA test and Fisher’s exact test was used
to compare the percentage values.
Results
Eligible patients for this study were analysed for the pri-
mary outcomes and are shown in the CONSORT flow
diagram (Figure 1) [16]. Eighty patients were randomly
divided into two groups of 40 each. Three patients in
both groups required general anaesthesia due to failed
or insufficient block, and these patients were excluded
from the study.
Clinical characteristics of the patients in both groups
were comparable (Table 1). Comorbiditiy was evaluated
using the Charlson comorbidity index (CCI) [17] and in-
dividual comorbidities were presented in Table 1. Dur-
ation of the block procedure (minutes) was significantly
shorter in the CSA group (18.51 ± 1.82) than in the
PCSNB group (35.54 ± 5.51) (P <0.001). The median
level of sensory block was T9 in the CSA group and it
was L2 (range: L1-S2) in the PCSNB group (Table 2). No
patient had fentanyl propofol and midazolam require-
ments during surgery in the CSA group. In CSA group,
total cumulative dose of isobaric bupivacaine per patient
(mean ± SD) was 7.01 ± 1.89 mg. All patients in PCSNBudy was shown.
Table 1 Clinical characteristics of the patients in both groups
CSA group (n = 35) PCSNB group (n = 35)
Age (years) 73.34 ± 6.31 72.94 ± 7.55
Weight (kg) 69.69 ± 14.01 74.4 ± 15.78
Height (cm) 164.80 ± 7.21 165.77 ± 5.91
Female/Male 17/18 14/21
ASA III/IV 26/9 27/8
LV ejection fraction (%) 40.71 ± 4.71 40.28 ± 4.68
Charlson comorbidity index 4.54 ± 0.85 4.37 ± 1.00
Additional diseases n (%)
Hypertension 20 (57.1) 22 (62.8)
Diabetes Mellitus 10 (28.5) 12 (34.2)
Coronary heart disease 9 (25.7) 11 (31.4)
Chronic renal failure 2 (5.7) 3 (8.5)
Chronic obstructive pulmonary disease 4 (11.4) 3 (8.5)
Cerebrovascular disease 2 (5.7) 1 (2.8)
Results expressed as mean ± SD or n (%).
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speed of 10–50 μg/kg/min during operation. Total intra-
operative blood loss (mL) was found to be lower in the
CSA group compared with the PCSNB group (283.14 ±
68.66 and 329.57 ± 53.66) (P =0.02) (Table 2). The num-
ber of patients requiring rescue analgesic postoperatively
was significantly higher in the PCSNB group compared to
the CSA group (P =0.0001) (Table 2). There are no differ-
ence between preoperative and postoperative MMSE scores
(mean ± SD) in both groups (18.85 ± 4.00 ∞18.37 ± 4.37, for
CSA group; 19.28 ± 3.80 ∞ 18.57 ± 4.08, for PCSNB group).
The PCSNB group had significantly higher MABP
values at the beginning of surgery and at 5th, 10th and 20th
minutes of surgery compared to the CSA group (P =0.038,
P =0.029, P =0.012, P =0.009 respectively). Patients in both
groups had significantly lower MABP values during
surgery compared with preoperative values (P <0.001)
(Figure 2). Arterial hypotension required ephedrine treat-
ment was observed in 13 patients in the CSA group and
four patients in the PCSNB group (P =0.012). No patient
had PDPH in the CSA group until discharged. In the post-Table 2 Anaesthetic characteristics in groups
The application time of the anaesthetic technique (minutes, mean ± SD)
Duration of the block procedure (minutes, mean ± SD)
Duration of surgery (minutes, mean ± SD )
Intraoperative total blood loss (ml, mean ± SD )
Maximum sensory level [median (min-max)]
The number of patients requiring ephedrine
The number of patients requiring rescue analgesics in the first 24 hours post
Total bupivacaine consumption (mg)
Results expressed as mean ± SD or n.operative period, no patients in both groups had cardio-
vascular complications. There were no significant differ-
ences between groups in terms of HR and peripheral
oxygen saturation (SpO2) values during surgery (P >0.05)
(Figures 3 and 4). Patients in both groups had similar HR
values during surgery compared with preoperative values
(p > 0.05).
Discussion
In this study, we first compared the hemodynamic effects
of PCSNB with CSA in elderly high-risk patients undergo-
ing hip replacement surgery. All patients studied had low
ejection fraction and CCI scores above 4. Both techniques
produced satisfactory quality of anaesthesia in elderly
high-risk patients with fewer hemodynamic changes in
PCSNB cases compared with CSA cases.
Regional anaesthesia techniques are usually preferred in
elderly patients due to the some advantages such as the
maintenance of cardiovascular stability and early postop-
erative mobilization [3]. It is shown that CSA provides less
nausea and vomiting, better postoperative analgesia andCSA group (n = 35) PCSNB group (n = 35) P value
9.37 ± 1.72 13.91 ± 3.91 0.001
18.51 ± 1.82 35.54 ± 5.51 0.001
101.37 ± 25.10 103.60 ± 17.48 >0.05
283.14 ± 68.66 329.57 ± 53.66 0.02
T9 (T6-T11) L2 (L1-S2)
13 4 0.012
operatively 11 30 0.0001
8.50 ± 1.24
Figure 2 Mean arterial blood pressure values of patients in groups. Baseline: Before anaesthesia procedure. Postoperative: One hour after
surgery. *P =0.038, **P =0.029, αP =0.012, βP =0.009; compared with PCSNB group. Patients in both groups had significantly lower MABP values
during surgery compared with preoperative values (P <0.001).
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than single-shot spinal anaesthesia combined with mor-
phine patient-controlled analgesia after total hip replace-
ment surgery [18]. This technique also provides extended
analgesia allowing the administration of repeated local an-
aesthetics according to the patient’s needs during surgery
and ensures cardiovascular stability [7]. Conversely,
PCSNB provides minimal hemodynamic effects without
causing a reduction in the regional blood flow of the ex-
tremity [8].
The use of large needles and catheters for CSA was
found to be associated with PDPH [6]. So, microcath-
eters have been developed and lower incidence of PDPH
was reported following the use of microcatheters for
CSA [7]. On the other hand, the presence of case reports
of cauda equina syndrome led to the restriction of theFigure 3 Heart rate values of patients in groups. Patients in both group
points during surgery and postoperatively (P >0.05).use of spinal micro-catheters in the United States and
Australia [19,20]. But, studies showed that the develop-
ment of this syndrome is associated with neurotoxic ef-
fects and poor distribution of local anaesthetics rather
than micro-catheters [21,22]. So, micro-catheter for CSA
is widely used in Europe for lower limb surgery. In this
study, a catheter over needle was used and PDPH or
cauda equina syndrome was not observed in any patient.
Similar to our results, Kılınc et al. [23] reported no
PDPH or cauda equina syndrome in elderly patients
undergoing hip surgeries using the anaesthesia tech-
nique of CSA via an over-the-needle catheter.
In this study, the application time of the anaesthesia
technique was longer in the PCSNB group than those of
the CSA group. Our findings were consistent with the
findings of Adalı et al. [24]. We reported that PCSNB iss had similar heart rate values at the beginning of surgery, any time
Figure 4 Peripheral oxygen saturation values of patients in groups. There were no statistically significant differences between groups in
terms of peripheral SpO2 (P >0.05).
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changes for hip replacement surgery in elderly high-risk
patients (11% of the patients had a MAP decrease over
30% in the PCSNB group and 37% in the CSA group).
This high frequency of blood pressure changes were prob-
ably related to existing additional co-morbidities in our
patients. Also, the median level of sensory block was T9 in
the CSA group and it was L2 in the PCSNB group. This
high level of sensory block may be reason for hypotension
and more ephedrine requirement in CSA group. Unlike our
results, Casati et al. [25] reported similar hemodynamic side
effects between spinal anaesthesia and combined sciatic-
femoral nerve block techniques in outpatients receiving
knee arthroscopy. Also, Adalı et al. [24] found similar
hemodynamic changes between spinal anaesthesia and
combined sciatic/lumbar plexus nerve block techniques in
patients undergoing lower extremity orthopaedic surgery.
The reason for these differences may be due to the differ-
ences in the clinical characteristics of the patients selected
for this study. While this study was performed among eld-
erly patients with ASA III or IV, the above studies [24,25]
were performed among patients with ASA I or II. Con-
versely, de Leeuw et al. [26] reported a significant increase
in the heart rate during and after the PCSNB nerve block
procedure compared with baseline values in patients under-
going total hip arthroplasty revision surgery. Also MAP
values showed a significant increase during block proced-
ure and a significant decrease during the post-block
period in their study. In this study, patients in both groups
had similar heart rate and MAP values during surgery
compared with baseline values. However, MAP values at
the 5th, 10th and 20th minutes of surgery were higher in
the PCSNB group compared to the CSA group. Also, the
number of patients requiring ephedrine administration
was higher in the CSA group compared with the PCSNB
group.Life threatening complications such as systemic tox-
icity, retroperitoneal hematoma and renal puncture may
occur following a PCSNB procedure. We excluded pa-
tients with coagulation disorders from the study and the
PCSNB block procedure was performed using a nerve
stimulation technique and under ultrasound guidance by
observing the extent of slowly administered local anaes-
thetic agent. For these reasons, no major complications
due to the PCSNB block procedure were observed in
any of our patients intra-postoperatively. Indeed, the use
of anticoagulant or anti-platelet drugs [27] and the injec-
tion of local anaesthetic with high injection pressure
[28] were found to be associated with an increase in un-
desirable complications during nerve block procedure.
Also, the application of the blocks under ultrasound
guidance reduced the incidence of complications in the
post-block period [29,30]. We did not observe any ser-
ious complication of anaesthesia in the CSA group simi-
lar to the literature [7,31].
After hip replacement surgery, there is an increased risk
of deep venous thrombosis and pulmonary embolism due
to endothelial wall damage with surgical instruments,
postoperative immobilization and increased coagulation
[32]. It was reported that the prevalence of deep venous
thrombosis is over 50% following total knee or hip
replacement surgery in cases not receiving thrombopro-
phylaxis [33]. All patients in this study received thrombo-
prophylaxis with low molecular weight heparin and we
did not observe any deep venous thrombosis or pulmon-
ary embolism clinically in cases during or after surgery.
Perioperative blood loss was lower in the CSA group than
those of the PCSNB group in this study. Stevens et al. [34]
reported that posterior lumbar plexus block provides a re-
duction operative and postoperative (48 hours) blood loss
attenuating sympathetic tone in medium and small vessels
around the hip joint in patients undergoing total hip
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total peripheral resistance and arterial blood pressure as a
result of sympathetic blockade. Blood in the operative field
spreads to the other tissues due to the fall in arterial pres-
sure, so causes the intraoperative blood loss reduction in
the CSA technique [35].
In this study, PCSNB was successful in all patients, but
surgical anaesthesia was not achieved in 7.8% of the cases.
However in group CSA, catheter insertion was unsuccess-
ful in 3 patients (7.8%), so surgery was completed under
general anaesthesia in three patients in both groups. Thus,
both CSA and PCSNB techniques provided adequate an-
aesthesia in the majority of patients (92.1% for PCSNB,
100% for CSA) in our study. Similar to our results, de
Visme et al. [8] reported that plain bupivacaine spinal an-
aesthesia and combined lumbar/sacral plexus block pro-
vides adequate anaesthesia for repair of hip fracture in
patients over 85 years of age. Adalı et al. [24] also showed
that both spinal anaesthesia and combined sciatic/lumbar
plexus nerve block are effective in lower extremity ortho-
paedic surgeries.
Based on our clinical experiences in elderly patients
with comorbidities, we used a starting low dose of iso-
baric bupivacaine and we administered it gradually to
achieve better hemodynamic stability in patients of CSA
group. The success rate of CSA providing surgical anaes-
thesia was achieved in 100% of patients in our study. In-
deed, Paqueron et al. [36] studied the characterization of
onset and duration of peripheral nerve block in a popu-
lation of elderly patients and they showed a positive rela-
tionship between age and duration of complete sensory
and motor blockade. Also, Benzon et al. [37] reported
that smaller doses of local anaesthetic are required clin-
ically for anaesthesia in older age groups. On the other
hand, Kroin et al. [38] reported longer duration of sciatic
nerve block with local anaesthetics in diabetic rats com-
pared with non-diabetic rats. Our study populations had
multiple co-morbidities and 31% of our patients were
diabetic. Eventually, our high success rate of CSA with
low dose local anaesthetic may be explained with the
presence of existing co-morbidities and advanced age in
our study populations.
This study was performed in a relatively small popula-
tion of patients. This was a limitation for this study.
Conclusions
This is the first study in the literature comparing the CSA
technique with the PCSNB technique with regards to
hemodynamic effects in elderly high-risk patients. CSA and
PCSNB produce satisfactory quality of anaesthesia in eld-
erly high-risk patients with fewer hemodynamic changes in
PCSNB cases compared with CSA cases. However, there is
a significantly longer application time of anaesthetic tech-
nique and duration of the block procedure in the PCSNBgroup. Further studies consisting of a greater number of pa-
tients are required to evaluate the effects of PCSNB and
CSA on hemodynamic and anaesthetic parameters in eld-
erly high-risk patients.
Abbreviations
PCSNB: Combined psoas compartment-sciatic nerve block; CSA: Continuous
spinal anaesthesia; PDPH: Post-dural puncture headache; MAP: Mean arterial
blood; pressure; HR: Heart rate; ASA: American Society of Anaesthesiologists;
MMSE: Mini-Mental Status Examination.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MA conceived of the study, and participated in its design and coordination
and helped to draft the manuscript. AD carried out the analysis and
interpretation of data. II conceived of the study and drafted the manuscript.
AA participated in the design of the study and performed the statistical
analysis. HAA conceived of the study, and participated in its design and
coordination and helped to draft the manuscript. AA participated in the
design of the study and drafted the manuscript. OOK conceived of the
study, and participated in its design and coordination and collected data. All
authors read and approved the final manuscript.
Acknowledgments
The authors would like to thank Ayse Nur AKSOY, M.D., for her technical help
in the statistical analysis and editorial assistance.
Author details
1Department of Anaesthesiology and Reanimation, Faculty of Medicine,
Ataturk University, Erzurum, Turkey. 2Department of Orthopedics and
Traumatology, Faculty of Medicine, Ataturk University, Erzurum, Turkey.
Received: 31 May 2014 Accepted: 27 October 2014
Published: 5 November 2014
References
1. Learmonth ID, Young C, Rorabeck C: The operation of the century: total
hip replacement. Lancet 2007, 370:1508–1519.
2. Urwin SC, Parker MJ, Griffiths R: General versus regional anesthesia for hip
fracture surgery: a meta-analysis of randomized trials. Br J Anaesth 2000,
84:450–455.
3. Indelli PF, Grant SA, Nielsen K, Vail TP: Regional anesthesia in hip surgery.
Clin Orthop Relat Res 2005, 441:250–255.
4. Memtsoudis SG, Sun X, Chiu YL, Nurok M, Stundner O, Pastores SM,
Mazumdar M: Utilization of critical care services among patients
undergoing total hip and knee arthroplasty: epidemiology and risk
factors. Anesthesiology 2012, 117:107–116.
5. Imbelloni LE, Gouveia MA, Cordeiro JA: Continuous spinal anesthesia
versus combined spinal epidural block for major orthopedic surgery:
prospective randomized study. Sao Paulo Med J 2009, 127:7–11.
6. Peyton PJ: Complications of continuous spinal anesthesia.
Anaesth Intensive Care 1992, 20:417–425.
7. Lux EA: Continuous spinal anesthesia for lower limb surgery: a
retrospective analysis of 1212 cases. Local Reg Anesth 2012, 5:63–67.
8. de Visme V, Picart F, Le Jouan R, Legrand A, Savry C, Morin V: Combined
lumbar and sacral plexus block compared with plain bupivacaine spinal
anesthesia for hip fractures in the elderly. Reg Anesth Pain Med 2000,
25:158–162.
9. Kirchmair L, Entner T, Kapral S, Mitterschiffthaler G: Ultrasound guidance for
the psoas compartment block: an imaging study. Anesth Analg 2002,
94:706–710.
10. Morimoto M, Kim JT, Popovic J, Jain S, Bekker A: Ultrasound-guided lumbar
plexus block for open reduction and internal fixation of hip fracture.
Pain Pract 2006, 6:124–126.
11. Gustafson Y, Brännström B, Berggren D, Ragnarsson JI, Sigaard J, Bucht G,
Reiz S, Norberg A, Winblad B: A geriatric-anesthesiologic program to
reduce acute confusional states in elderly patients treated for femoral
neck fractures. J Am Geriatr Soc 1991, 39:655–662.
Aksoy et al. BMC Anesthesiology 2014, 14:99 Page 9 of 9
http://www.biomedcentral.com/1471-2253/14/9912. Awad IT, Duggan EM: Posterior lumbar plexus block: anatomy,
approaches, and techniques. Reg Anesth Pain Med 2005, 30:143–149.
13. Karmakar MK, Kwok WH, Ho AM, Tsang K, Chui PT, Gin T: Ultrasound-
guided sciatic nerve block: description of a new approach at the
subgluteal space. Br J Anaesth 2007, 98:390–395.
14. de Visme V, Picart F, Le Jouan R, Le Grand A, Savry C, Ek F: Block of the
lateral perforant branches of the subcostal and iliohypogastric nerves for
proximal femur surgery. Ann Fr Anesth Reanim 1997, 16:982–984.
15. Lenth RV: Java Applets for Power and Sample Size. In [http://www.stat.
uiowa.edu/~rlenth/Power]
16. Schulz KF, Altman DG, Moher D, CONSORT Group: CONSORT 2010
statement: updated guidelines for reporting parallel group randomised
trials. Int J Surg 2011, 9:672–677.
17. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 1987, 40:373–383.
18. Maurer K, Bonvini JM, Ekatodramis G, Serena S, Borgeat A: Continuous
spinal anesthesia/analgesia vs. single-shot spinal anesthesia with
patient-controlled analgesia for elective hip arthroplasty.
Acta Anaesthesiol Scand 2003, 47:878–883.
19. Benson JS: U.S. Food and Drug Administration safety alert: cauda equina
syndrome associated with use of small-bore catheters in continuous
spinal anesthesia. AANA J 1992, 60:223.
20. Rigler ML, Drasner K, Krejcie TC, Yelich SJ, Scholnick FT, DeFontes J,
Bohner D: Cauda equina syndrome after continuous spinal anesthesia.
Anesth Analg 1991, 72:275–281.
21. Ross BK, Coda B, Heath CH: Local anesthetic distribution in a spinal
model: a possible mechanism of neurologic injury after continuous
spinal anesthesia. Reg Anesth 1992, 17:69–77.
22. Moore JM: Continuous spinal anesthesia. Am J Ther 2009, 16:289–294.
23. Kilinc LT, Sivrikaya GU, Eksioglu B, Hanci A, Dobrucali H: Comparison of
unilateral spinal and continous spinal anesthesia for hip surgery in
elderly patients. Saudi J Anaesth 2013, 7:404–409.
24. Adalı S, Erkalp K, Erden V, Cömlekci M, Bülbül M, Aldemir T: Spinal
anesthesia and combined sciatic nerve/lumbar plexus block techniques
in lower extremity orthopedic surgery. Acta Orthop Traumatol Turc 2011,
45:225–232.
25. Casati A, Cappelleri G, Fanelli G, Borghi B, Anelati D, Berti M, Torri G:
Regional anesthesia for outpatient knee arthroscopy: a randomized
clinical comparison of two different anaesthetic techniques.
Acta Anaesthesiol Scand 2000, 44:543–547.
26. de Leeuw MA, Slagt C, Hoeksema M, Zuurmond WW, Perez RS: Hemodynamic
changes during a combined psoas compartment-sciatic nerve block for
elective orthopedic surgery. Anesth Analg 2011, 112:719–724.
27. Horlocker TT, Wedel DJ, Rowlingson JC, Enneking FK, Kopp SL, Benzon HT,
Brown DL, Heit JA, Mulroy MF, Rosenquist RW, Tryba M, Yuan CS: Regional
anesthesia in the patient receiving antithrombotic or thrombolytic
therapy: American Society of Regional Anesthesia and Pain Medicine
Evidence-Based Guidelines (Third Edition). Reg Anesth Pain Med 2010,
35:64–101.
28. Gadsden JC, Lindenmuth DM, Hadzic A, Xu D, Somasundarum L, Flisinski KA:
Lumbar plexus block using high-pressure injection leads to contralateral
and epidural spread. Anesthesiology 2008, 109:683–688.
29. Warman P, Nicholls B: Ultrasound-guided nerve blocks: efficacy and
safety. Best Pract Res Clin Anaesthesiol 2009, 23:313–326.
30. Marhofer P, Greher M, Kapral S: Ultrasound guidance in regional
anesthesia. Br J Anaesth 2005, 94:7–17.
31. Puolakka R, Haasio J, Pitkänen MT, Kallio M, Rosenberg PH: Technical
aspects and postoperative sequelae of spinal and epidural anesthesia: a
prospective study of 3,230 orthopedic patients. Reg Anesth Pain Med
2000, 25:488–497.
32. Tripković B: Anesthesia for hip replacement surgery. Med Glas (Zenica)
2012, 9:143–151.
33. Geerts WH, Heit JA, Clagett GP, Pineo GF, Colwell CW, Anderson FA Jr,
Wheeler HB: Prevention of venous thromboembolism. Chest 2001,
119:132–175.
34. Stevens RD, Van Gessel E, Flory N, Fournier R, Gamulin Z: Lumbar plexus
block reduces pain and blood loss associated with total hip arthroplasty.
Anesthesiology 2000, 93:115–121.
35. Buttenvorth J: Physiology of spinal Anesthesia: What are the implications
for management? Reg Anesth and Pain Med 1998, 23:370–373.36. Paqueron X, Boccara G, Bendahou M, Coriat P, Riou B: Brachial plexus
nerve block exhibits prolonged duration in the elderly.
Anesthesiology 2002, 97:1245–1249.
37. Benzon HT, Strichartz GR, Gissen AJ, Shanks CA, Covino BG, Datta S:
Developmental neurophysiology of mammalian peripheral nerves and
age-related differential sensitivity to local anaesthetic. Br J Anaesth 1988,
61:754–760.
38. Kroin JS, Buvanendran A, Williams DK, Wagenaar B, Moric M, Tuman KJ,
Kerns JM: Local anesthetic sciatic nerve block and nerve fiber damage in
diabetic rats. Reg Anesth Pain Med 2010, 35:343–350.
doi:10.1186/1471-2253-14-99
Cite this article as: Aksoy et al.: Continuous spinal anaesthesia versus
ultrasound-guided combined psoas compartment-sciatic nerve block for
hip replacement surgery in elderly high-risk patients: a prospective
randomised study. BMC Anesthesiology 2014 14:99.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
